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Abstract 
In this research, the production of biogas from co-digestion of  Pennisetum purpureum cv. Pakchong1 grass and layer 
chicken manure using completely stirred tank was investigated. The experiment was defined to examine effect of the 
change in carbon to nitrogen (C/N) ratios and the organic loading rates (OLRs) on biogas production and system 
steady-state performance. Primary analyses suggested that an approximate content of grass and manure was 50 : 50 % 
by weight to achieve C/N ratio of 20 and 70 : 30 % by weight for C/N ratio of 30 respectively. The experimental 
reactor was set to operate at a fixed total solid content of 4% with two cases of C/N ratio at four different OLRs of 
1.1, 1.4, 1.7 and 2.2 kg VS/ (m3.d). Each condition was operated for 1.5 time of reactor retention time. The result 
suggested that maximum steady-state methane yield of 0.27 r 0.01 L CH4/kg VSadded can be achieved at C/N ratio of 
20 with OLR of 1.1 kg VS/ (m3.d). Moreover, the results also suggested that methane yield decreased for an increase 
in OLR. Nonetheless, the work presented herein can provide an insight information for design and operation 
optimization according to economical investment analysis. 
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1. Introduction 
Recently, the supplementary energy have been widely studied and developed due to increasing of 
energy requirements [1, 2].Biogas as an energy source is one of the most important renewable energy 
developments due to its renewable character and a net carbon neutral energy conversion. 
Pennisetum purpureum or elephant grass is one of the most popular used materials for biogas 
production. Elephant grass requires very little additional nutrients for growth, is easily grown and can be 
harvested up to four times a year, making this plant one of the most prospective crops for energy use [3, 
4]. However, it has been suggested that the nitrogen and VFA:alkalinity ratio of Pennisetum purpureum 
can be low and this is one reason why it has generally been used in co-digestions with other wastes [5]. 
Chicken manure is one of the most promising feedstocks for biogas production [6, 7]. Moreover, it has 
been suggested that chicken manure is best treated with other wastes because of its high content of 
nitrogen, phosphorus and potassium [8, 9]. Therefore, co-digesting Pennisetum purpureum with chicken 
manure should increase the methane yield performance. However, information on the effects carbon to 
nitrogen (C/N) ratio and the organic loading rate (OLR) of co-digestion of Pennisetum pururem and 
chicken manure on the methane production potential and the operation stability is still lacking. 
In this research, biogas production from anaerobic co-digestion of Pennisetum pururem cv. Pakchong 1 
grass and layer chicken manure was investigated using completely stirred tank reactors (CSTRs). The 
purpose of this research was to evaluate the effect of C/N ratios and OLRs on anaerobic co-digestion of 
Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure for biogas production. 
2. Methods 
2.1. Feed stock preparation and analysis 
The Pennisetum purpureum cv. Pakchong1 grass having the age of 30-45 days was utilised with layer 
chicken manure obtained from R.P.M. Farm & Feed Company Limite, Thailand. The silage Pennisetum 
purpureum cv. Pakchong1 grass was prepared by being crushed by Disc and hammer mill before 
compacted in an airtight container for 15 days. The silage grass and layer chicken manure were then 
stored at temperature of 4qC to prevent biological decomposition. The inoculum was obtained from an 
anaerobic digester treating dairy manure of Chiangmai Freshmilk Company Limited, Lumphun,Thailand. 
The characteristics of the substrates tested in this study, including Pennisetum purpureum cv. Pakchong1 
grass and layer chicken manure, are shown in Table 1. 
Table 1. The characteristic of  Pennisetum purpureum cv. Pakchong1 grass and layer chicken manure 
Parameter Nepier Grass Chicken manure 
TS  (mg/kg) 199,943 416,680 
VS (mg/kg) 182,005 305,330 
C/N 43.6 7.6 
Moisture (%) 73.03 64.49 
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2.2. Experimental set up and analysis 
The co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure using two 
completely stirred tanks (named R1 and R2) operated as Anaerobic Sequencing Batch Reactor (ASBR) 
was examined at C/N ratios of 20 and 30 using R1 and R2, respectively. Each reactor was operated at four 
different OLRs, i.e. 1.1, 1.4, 1.7 and 2.2 kg VS/ (m3.d). The studied reactors had a height of 50 cm, 
diameter of 30 cm and effective volume of 25 L. A feeding port was installed on the top of the reactor, 
while the effluent was drawn off through a port installed at the bottom. Each reactor was started up at the 
OLR of 0.5 kg VS/m3-day. The OLR was then gradually increased (not higher than 25% for each change) 
to OLR of 1, 1.2, 1.7 and 2.2 kg VS/ (m3.d), respectively. The solid concentration of the feedstock was 
fixed at 4% for all experiments. The biogas production was measured by pump meter. 
Statistical analys is for performance comparison was done using either the Student t-test or ANOVA. 
3. Results and discussion 
The influence of C/N ratios and OLRs on pH values, alkalinity (Alk) production, volatile fatty acids 
(VFAs) production, VFA/Alk, and methane yield were evaluated and present as following; 
3.1. pH of co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure. 
pH is an important parameter influencing the performance of anaerobic digestion processes. In this 
work, both reactors were operated without any adjustment for pH inside the reactor. The pH profiles of 
co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure are shown in Fig. 1. 
The average pH of effluent from R1 and R2 were 7.08 ± 0.05 and 6.93 ± 0.03, respectively. This value 
showed that the reactors worked within the optimum interval (pH | 6.80 – 7.20) for methane formation 
[10, 11]. 
 
 
Fig. 1. The pH of co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure 
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3.2. Alkalinity (Alk) and volatile fatty acids (VFAs) 
For process stability, alkalinity of anaerobic reactor should not be lower than 1500 mg/L [12]. 
Throughout the study (Fig. 2), the average alkalinity of effluent was higher than 3000 mg/L. 
 
 
Fig. 2. Alk of co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure 
 
The concentrations of total VFAs produced are shown in Fig. 3. The average VFAs concentrations of 
effluent from R1 and R2 were 623 ± 202 and 686 ± 190 mg/L, respectively. For anaerobic digestion to 
proceed normally, concentration of VFAs should be kept below 2000 mg/l. [13]. the relatively lower level 
of VFAs during the start up period (Fig 3) could be attributed to lower organic loading rate.  Low levels 
of VFAs at all studied OLRs observed in this work indicated that the ASBR process was a system capable 
of maintaining active methanogens at low levels of VFAs for the applied feedstock. 
 
 
Fig. 3. VFA of co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure 
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One of the criteria for judging digester stability is the VFA:Alk ratio. When the VFA:Alk ratio is less 
than 0.4 anaerobic process was stable without an acidification risk. VFA:Alk ratio between 0.4-0.8 
signals some instability of the microorganisms functioning inside the reactor, while VFA:Alk of more 
than 0.8 indicates significant instability [14, 15]. For the co-digestion of Pennisetum pururem cv. 
Pakchong 1 grass and layer chicken manure, the VFA: Alk ratio did not rise beyond the critical value of 
0.4 (Fig. 4) suggesting reactor stability for biogas production from the used feedstock. 
 
 
Fig. 4. VFA/Alk of co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure 
3.3. Methane yield of co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken 
manure 
After start-up was achieved with Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure. 
The component ratio of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure was 50 : 50 
% by weight to achieve C/N ratio of 20 and 70 : 30% by weight for C/N ratio of 30. Both of reactors were 
used so that a comparison could be made between the duplicated system. The performance of the two 
digesters, in terms of methane yield, was very comparable (Fig. 5) As shown in Table 2, the OLRs were 
altered as difference proportions of co-digestate were used in the feed. The steady-state methane yield 
obtained in this study were 0 .27 r 0.01, 0.22 r 0.01, 0.21 r 0.01 and 0.19 r 0.02 L CH4/kg VSadded and 
0.23 ± 0.02, 0.19 ± 0.01, 0.15 ± 0.01 and 0.14 ± 0.01 CH4/kg VSadded at C/N ratio of 30 under the OLR of 
1.1, 1.4, 1.7 and 2.2 kg VS/ (m3.d), respectively. Both of C/N ratio of 20 and 30 in methane yield at OLR 
of 1.1 kg VS/ (m3.d) which were significantly higher (ANOVA, p < 0.05). 
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Fig. 5. Methane yield of co-digestion of Pennisetum   pururem cv. Pakchong 1 grass and layer chicken manure 
Table 2. OLRs were altered as difference proportions of  Pennisetum   pururem cv. Pakchong 1 grass and layer chicken manure 
OLR (kgVS/m3-day) 
The steady-state methane yield 
(L CH4/g VSadded) 
C/N = 20 C/N = 30 
1.1 0.27 ± 0.02 0.23 ± 0.02 
1.4 0.22 ± 0.01 0.19 ± 0.01 
1.7 0.21 ± 0.01 0.15 ± 0.01 
2.2 0.19 ± 0.02 0.14 ± 0.01 
 
4. Conclusion 
Co-digestion of Pennisetum pururem cv. Pakchong 1 grass and layer chicken manure with 4% TS 
digestion was successful at all OLRs examined. Co-digestion was successful at all C/N ratios that were 
examined (20 and 30). The maximum steady-state methane yield of 0.27 r 0.01 L CH4/kg VSadded can be 
achieved at C/N ratio of 20 with OLR of 1.1 kg VS/ (m3.d). 
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